Two cellular receptors for adenovirus, coxsackievirus-adenovirus receptor (CAR) and major histocompatibility complex class I (MHC-I) ␣2, have recently been identified. In the absence of CAR, MHC-I ␣2 has been suggested to serve as a cellular attachment protein for subgenus C adenoviruses, while members from all subgenera except subgenus B have been shown to interact with CAR. We have found that adenovirus type 37 (Ad37) attachment to CAR-expressing CHO cells was no better than that to CHO cells lacking CAR expression, suggesting that CAR is not used by Ad37 during attachment. Instead, we have identified sialic acid as a third adenovirus receptor moiety. First, Ad37 attachment to both CAR-expresing CHO cells and MHC-I ␣2-expressing Daudi cells was sensitive to neuraminidase treatment, which eliminates sialic acid on the cell surface. Second, Ad37 attachment to sialic acid-expressing Pro-5 cells was more than 10-fold stronger than that to the Pro-5 subline Lec2, which is deficient in sialic acid expression. Third, neuraminidase treatment of A549 cells caused a 60% decrease in Ad37 replication in a fluorescent-focus assay. Moreover, the receptor sialoconjugate is most probably a glycoprotein rather than a ganglioside, since Ad37 attachment to sialic acidexpressing Pro-5 cells was sensitive to protease treatment. Ad37 attachment to Pro-5 cells occurs via ␣ (233) 
Ad9, of subgenus D, was shown by Roelvink et al. (39) to use the same fiber receptor as Ad2, but unlike Ad2, Ad9 needs another viral component, the penton base, for optimal virion binding to target cells. The relative impact of the penton base during attachment has been suggested to be a function of the length of the fiber: a shorter fiber shaft, as in Ad9, with only 8 repeats, was suggested to allow penton base interaction with RGD motif-interacting integrins during attachment, while a longer fiber shaft, as in Ad2, with 22 repeats, might hamper the interaction between the penton base and integrins during attachment (38, 39) . Apart from this function, the adenovirus penton base has an important function during the phases of virus internalization and release from cellular endosomes (6, 54) . Adenovirus serotypes different from Ad2 and Ad9 have also been shown to interact with ␣v integrins (31, 32) .
Adenoviruses are used to deliver and express foreign genes in human cells and tissues (14, 20) . The commonly used adenovirus vectors are based on Ad5. Some lack of success in the use of Ad5 vectors can be explained partly by existing host immunity (41) and partly by the inefficiency of Ad5 in entering target cells (3) . In this paper, we demonstrate that sialic acids ␣(233) linked to neighboring saccharides localized on cellular glycoproteins serve as cellular receptor moieties for Ad37 virions but not for Ad5 or Ad19p virions.
MATERIALS AND METHODS
Cells and viruses. A549 and HEp-2 cells were grown as monolayers in Dulbecco's modified Eagle's medium (DMEM; Sigma Chemical Co., St. Louis, Mo.) supplemented with 10% fetal calf serum (FCS; Sigma). MHC-I ␣2-expressing B-lymphoblastoid E8.1 cells of Daudi cell origin (37) were grown in suspension in RPMI medium (Sigma) supplemented with 10% FCS and 10 mM sodium pyruvate. Human corneal epithelial (HCE) cells (2) and Chinese hamster ovary (CHO) cells expressing CAR (10) or human ␣2 integrin (9) were grown as monolayers as described previously. Lec2 cells, defective in sialic acid expression, and the Lec2 parental cell line Pro-5 (expressing sialic acid), both of CHO cell line origin, were grown as monolayers as described previously (18, 42, 43) . All cell lines used in this study and their expression phenotypes for known adenovirus receptors are listed in Table 1 .
Ad5 (strain F2853-5b), Ad37 (strain 1477), and Ad19p (prototype strain 587) were propagated with or without 3 H-thymidine labeling (TRK 120; Amersham Pharmacia Biotech) in A549 (Ad5 and Ad19p) or HEp-2 (Ad37) cells as described previously (16) . Cells were harvested 40 to 48 h postinfection, and labeled virions were purified as described previously (23) . The specific radioactivity was 4 ϫ 10 Ϫ5 (Ad5) and 6.8 ϫ 10 Ϫ6 (Ad37) cpm/particle. Binding and binding inhibition assays. All cells grown as monolayers were harvested with phosphate-buffered saline (PBS)-EDTA only. All binding and binding inhibition assays were carried out in triplicate with 1.5-ml Eppendorf microtubes. Epithelial cells of different origins were washed twice in binding buffer (BB; DMEM plus 2% FCS) and diluted with BB to 2 ϫ 10 5 cells/100 l. E8.1 cells growing in suspension were washed twice in BB and diluted with BB to 2 ϫ 10 5 cells/100 l. For binding inhibition assays, cells were pelleted and resuspended in BB including different inhibitors. For binding assays, 5 l of labeled Ad37 virions (in total, 94,000 cpm of Ad37, corresponding to 6.9 ϫ 10 4 particles/cell) or Ad5 virions (in total, 550,000 cpm of Ad5, corresponding to 6.9 ϫ 10 4 particles/cell) was added to the tubes, which were incubated on ice for 1 h. Unbound virions were removed by washing the cells twice in BB. Cell pellets were resuspended in 100 l of BB prior to the addition of 2 ml of scintillation fluid. Thereafter, the cell-associated radioactivity was counted with a Wallac 1409 scintillation counter.
Prior to the addition of 100 l of neuraminidase, 2 ϫ 10 5 A549, E8.1, HCE, or CAR-expressing CHO cells were washed in PBS containing 2% FCS and pelleted. Neuraminidases from Clostridium perfringens (Sigma), Arthrobacter ureafaciens (Sigma), and Vibrio cholerae (Sigma and Boehringer Mannheim GmbH, Mannheim, Germany) were diluted in PBS containing 2% FCS, added to cell pellets, and incubated at 37°C. After 1 h, the cells were washed twice in BB. Five microliters of Ad37 or Ad5 virions was added to the cells and incubated on ice for 1 h. The cells were washed twice in BB, pelleted, and resuspended in 100 l of BB. Two milliliters of scintillation fluid was added, and the cell-associated radioactivity was counted.
Prior to the addition of 100 l of ␣(233)-specific neuraminidase (Sigma), 2 ϫ 10 5 Pro-5 cells were washed twice with 50 mM NaPO 4 (pH 6) containing 2% FCS and pelleted. The ␣(233)-specific neuraminidase was diluted in 50 mM NaPO 4 (pH 6) containing 2% FCS, added to cell pellets, and incubated at 37°C for 1 h. Thereafter, the cells were washed twice in BB, and 5 l of labeled Ad37 virions was added. The cells were incubated on ice for 1 hour, washed twice in BB, and mixed with 2 ml of scintillation fluid, and the cell-associated radioactivity was counted.
Prior to the addition of 100 l of different proteases, 10 6 Pro-5 cells were washed twice in PBS and pelleted. Three different proteases, bromelain (a pineapple stem cysteine protease), ficin (a fig tree latex cysteine protease), and V8 protease (a Glu-or Asp-specific protease from Staphylococcus aureus) (all purchased from Sigma), were dissolved and diluted in PBS, added to cell pellets, and incubated at 37°C for 30 min. The cells were washed carefully in ice-cold BB to remove all traces of protease. Labeled Ad37 virions were added to the cells, and the mixture was incubated on ice for 1 h and washed twice in BB. Pellets were resuspended in BB and diluted in scintillation fluid, and the cell-bound radioactivity was counted. Cell viability was determined by the trypan blue method.
For the blocking assays, 100 g of glycophorin A (GpA; molecular mass, 30 kDa; Sigma) or asialo-glycophorin A (asialo-GpA; Sigma) glycoprotein per ml was incubated with 5 l of labeled Ad37 virions on ice. After 1 h, 2 ϫ 10 5 prewashed Pro-5 cells were pelleted, resuspended in the virion-inhibitor mixture, and incubated on ice for 1 h. Cells were washed twice in BB, pelleted, and resuspended in 100 l of BB. Scintillation fluid was added, and the cell-associated radioactivity was counted.
In a similar blocking assay, 100 g of wheat germ agglutinin (WGA; molecular mass, 36 kDa; Sigma), Sambucus nigra (molecular mass, 140 kDa; Sigma), or Maackia amurensis (molecular mass, 130 kDa; Sigma) lectin per ml was dissolved in BB and added to 2 ϫ 10 5 prewashed Pro-5 cells. The cells were incubated on ice for 1 h, and 5 l of labeled Ad37 virions was added. After 1 h on ice, the cells were washed, pelleted, and resuspended in 100 l of BB. Scintillation fluid was added, and the cell-associated radioactivity was counted.
FACS Replication assay. A total of 2 ϫ 10 5 A549 cells/well in 24-well plates were incubated at 37°C with 10-fold serial dilutions of V. cholerae neuraminidase, starting with 10 mU. One hour later, the cells were washed twice in BB. Virus stocks prepared from Ad5-or Ad37-infected A549 cells were added at dilutions corresponding to 5,000 focus-forming units (FFU)/well. Thus, the dilutions of each virus were adjusted so that 100 FFU/view field was obtained in the control. After 1 h of incubation at 37°C, noninternalized viruses were removed by washing with DMEM supplemented with 2% FCS. At 40 h postinfection, the cells were rinsed in PBS, fixed with 99% methanol, and incubated with rabbit polyclonal anti-Ad5 or anti-Ad37 antibodies diluted 1:200. Thereafter, the cells were washed twice for 15 min each time in PBS, stained with FITC-labeled swine anti-rabbit immunoglobulin G antibodies (Dakopatts, Glostrup, Denmark), washed as before, and examined with an immunofluorescence microscope (magnification, ϫ100; Xiovert 25; Carl Zeiss, Jena GmbH, Jena, Germany). The results are presented as the mean of three independent experiments.
RESULTS
Ad37 does not use CAR as a primary receptor. Since CAR has been shown to function as a cellular attachment molecule for human adenoviruses, including the subgenus D adenovirus Ad19p and Ad9, we wanted to ascertain whether Ad37 makes use of CAR or if it uses a distinct cellular receptor. The ␣2-integrin-expressing CHO cell line lacking CAR expression was used to compare Ad37 binding to that of the CAR-expressing CHO cell line. We found that Ad37 bound with equal efficiency to both types of cells (Fig. 1) . Ad5, on the other hand, bound significantly more strongly to CAR-expressing CHO cells than to ␣2-integrin-expressing cells. These results show that CAR is used as a cellular attachment molecule for Ad5 but not for Ad37.
Neuraminidase treatment of epithelial cells inhibits virus binding. It is known that only a limited number of adenoviruses, including Ad37, are able to agglutinate human type O erythrocytes (28) . Furthermore, subgenus D adenovirus-mediated agglutination of human erythrocytes has been found to be sensitive to cholera filtrate (i.e., neuraminidase) treatment (50) . Consequently, we tested the ability of Ad37 virions to bind to different cell lines pretreated with different concentrations of V. cholerae neuraminidase (Sigma). The binding of 3 H-thymidine-labeled Ad37 virions to CAR-expressing CHO cells and MHC-I ␣2-expressing Daudi cells decreased with increasing neuraminidase concentration in a dose-dependent 
a CHO-CAR and CHO-␣2, CHO cells expressing CAR and ␣2 integrin, respectively.
b ϩ, expression; Ϫ, no expression.
FIG. 1. Binding of 3 H-labeled Ad5 or Ad37 virions to CHO cells expressing CAR (CHO-CAR) or human ␣2 integrin (CHO alpha2). Pelleted cells (2 ϫ 10
5 ) were resuspended in 100 l of BB containing Ad5 or Ad37 virions. Cells were incubated on ice for 1 h, and nonbound virions were washed away. Cell-associated radioactivity was counted as described in Materials and Methods.
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Ad37 AND SIALIC ACID 43 on October 14, 2017 by guest http://jvi.asm.org/ manner ( Fig. 2A) . The reduction in Ad37 binding was similar to that obtained with neuraminidase-treated A549 and HCE cells. Labeled Ad37 virions were also tested for binding to CAR-expressing CHO cells treated with two different neuraminidases (from C. perfringens or A. ureafaciens) and a protease-free V. cholerae neuraminidase from another manufacturer (Boehringer Mannheim), all with similar results (data not shown), suggesting that the reduced binding of Ad37 is not simply due to traces of proteases and/or N-acetyl neuraminic acid-aldolase found in some of the enzyme preparations. A total of 23% of the labeled Ad37 virions added were found to remain at the cell surface of A549 cells after washing, whereas only 2% of Ad5 virions added remained cell associated ( Fig.  2A and B) . Neuraminidase treatment did not reduce Ad5 binding to any of the cells tested. WGA lectin, which has a strong affinity for a broad range of sialoconjugates, was used to test the blockage of Ad37 binding to Pro-5 cells. We found that WGA blocked Ad37 binding in a dose-dependent manner, less than 10 g/ml being sufficient to reduce binding to near negligible levels (Fig. 2C) .
The Lec2 cell line is a subline of CHO cell line Pro-5. It was chosen on the basis of its resistance to a WGA interaction and is characterized by a defect in the Golgi body-dependent sialylation of carbohydrate moieties, resulting in more than 90% of the total amount of sialic acid saccharides on the Lec2 cell membrane being lost, compared to the amount in the sialic acid-expressing parental cell line Pro-5. These results are shown in Fig. 3A , where the relative expression of sialic acid was measured by use of FITC-labeled WGA in a FACS assay. These two cell lines were used to investigate whether sialic acid could serve as a receptor for Ad37. Weak binding of Ad37 to Lec2 cells, corresponding to less than 10% of the binding of Ad37 to Pro-5 cells, was seen (Fig. 3B) . The binding of Ad5 to sialylated Pro-5 cells and that to nonsialylated Lec2 cells were equally low, suggesting that sialic acid is not used by Ad5 during the binding step. We have also found that neuraminidase treatment of human type O erythrocytes abolishes Ad37-mediated hemagglutination, suggesting that sialic acid is also the receptor for Ad37 on human erythrocytes (data not shown). Taken together, these experiments suggest that sialic acid is used as a cellular attachment molecule by Ad37 but not by Ad5.
Neuraminidase treatment of A549 cells reduces the infectivity of Ad37. To investigate whether sialic acid is a functional receptor for Ad37 or whether Ad37 is trapped by cell surface sialic acid in a dead-end pathway, we treated A549 cells with V. cholerae neuraminidase and assayed Ad37 replication by using a fluorescent-focus assay. We found that V. cholerae neuraminidase was efficient in reducing the number of Ad37-infected cells (FFU) (Fig. 4) . The infectivity was reduced in a neuraminidase dose-dependent manner but was not completely abolished. Approximately 40% of the Ad37 added to the A549 cells could still enter the cells. This fraction of replicating Ad37 may have entered through an as-yet-unknown route of infection. This result indicates that sialic acid is a functional cellular receptor for Ad37 on human cell line A549. Ad19p infection was not affected by neuraminidase treatment of the cells, suggesting that sialic acid is not used as a receptor by Ad19p. The infectivity of Ad5 as a reference was not decreased but rather was increased nearly 100% in A549 cells treated with 10 mU of neuraminidase. The mechanism for the enhanced entry of Ad2 and Ad5 into neuraminidase-treated target cells has been discussed by others (3, 10) .
The sialic acid moiety recognized by Ad37 is localized on glycoproteins rather than on gangliosides. Since sialic acid saccharides are expressed on both glycoproteins and glycolipids (gangliosides), we treated Pro-5 cells expressing sialic acid with two different cysteine proteases, bromelain or ficin, or V8 protease, which is specific for cleaving polypeptides at Glu or Asp residues, to determine whether glycoproteins carrying terminal sialic acid saccharides are involved in Ad37 binding to these cells (Fig. 5) . Two different protease concentrations were used: 200 and 2,000 mU. A strong inhibitory effect was seen with all three proteases at concentrations of 200 mU. Digestion with 2,000 mU reduced Ad37 binding at least 20-fold, independently of the type of protease. Cell viability was assessed immediately after proteolytic digestion, and no cytotoxic effect mediated by the protease treatment could be seen, compared to the results for untreated control cells. This experiment indicated that the sialic acid saccharides which bind Ad37 are localized on glycoproteins rather than on gangliosides. Nature of the glycoprotein receptor. The next step in identifying the Ad37 receptor was to block Ad37 binding to sialic acid-expressing Pro-5 cells. GpA glycoprotein at 100 g/ml was sufficient to block more than 80% of Ad37 binding to Pro-5 cells (Fig. 6A) , while 10 g of GpA per ml blocked Ad37 binding only weakly (data not shown). The molecular mass of GpA is 30 kDa, which means that the total number of GpA molecules required to inhibit Ad37 binding with 80% efficiency corresponded to 2 ϫ 10 14 . Since the total number of Ad37 virions in one reaction corresponded to 1.38 ϫ 10 10 , the GpA/ FIG. 5. Ad37 binding to Pro-5 cells pretreated with different proteases. Pelleted Pro-5 cells (10 6 ) were resuspended in PBS containing 0, 200, or 2,000 mU of protease and incubated at 37°C. The proteases bromelain (}), V8 protease (OE), and ficin (s) were used. After 1 h, the proteases were washed away, and the cells were pelleted. Cells were resuspended in 100 l of BB containing 3 Hlabeled Ad37. After 1 h of incubation on ice, nonbound virions were washed away. Cell-associated radioactivity was counted as described in Materials and Methods. Error bars show standard errors. (Fig. 6A) . These data further support the statement that sialic acid serves as an Ad37 cell surface receptor moiety. They also support the suggestion that the Ad37 receptor is a sialic acid saccharide localized on glycoproteins rather than on gangliosides.
To further characterize the sialylated glycoprotein, we pretreated 2 ϫ 10 5 Pro-5 cells with 100 g of three different lectins per ml: (i) WGA, with the capacity to interact with a broad range of sialoconjugates; (ii) M. amurensis, which interacts specifically with ␣(233)-linked sialic acid saccharides; and (iii) S. nigra, which interacts specifically with ␣(236)-linked sialic acid saccharides. As expected, cellular incubation with WGA incubation Ad37 binding to Pro-5 cells almost completely (Fig.  6A) .
Furthermore, we found that the Ad37 interaction with Pro-5 cells occurs mainly through ␣(233)-linked sialic acid saccharides rather than ␣(236)-linked ones. At 100 g/ml, the ␣(233)-specific M. amurensis lectin (130 kDa) blocked Ad37 binding with almost 90% efficiency, while the same concentration of the ␣(236)-specific S. nigra lectin (140 kDa) was inefficient in blocking Ad37 binding to Pro-5 cells (Fig. 6A) . The latter lectin interacts specifically with ␣-NeuNAc-␣(236)Gal or GalNAc sialic acid constellations, indicating that ␣(236)-linked sialic acid units are not used in Ad37 binding to Pro-5 cells. To test this conclusion further, we treated 2 ϫ 10 5 Pro-5 cells with up to 32 mU of ␣(233)-specific neuraminidase. We found that approximately 80% of Ad37 binding to Pro-5 cells is mediated by ␣(233)-linked carbohydrates.
DISCUSSION
A number of virus families have been shown to use sialic acid-containing molecules as cellular receptors. Most viruses that use sialic acid as a receptor interact with sialylated glycolipids (gangliosides) on target cell membranes. For example, the different types of influenza virus use gangliosides as cellular receptors (45) . Bovine parvovirus uses GpA as a receptor on erythrocytes (47) , and canine parvovirus uses a sialylated glycoprotein as a primary receptor on A72 cells (5) . Polyomaviruses have been shown to interact with a tunicamycin-induced receptor on 3T3 cells which can be either ␣(233) or ␣(236) linked (12) , and the same viruses use ␣(236)-linked sialoconjugates solely as receptors on glial cells (29) .
Although the penton base of certain adenovirus types has been shown to be of importance during virus-cell interactions (39), the fiber protein has been shown to mediate adenovirus attachment to target cells (21, 30, 44) . We have reported previously that the fiber knob of Ad37 differs from the fiber knob of Ad19p (the prototype strain) by 2 amino acids: Ad37 fibers contain Lys240 and Asn340, whereas Ad19p fibers contain Glu240 and Asp340 (4). Recently, Huang et al. showed that Ad37 but not Ad19p was able to attach to immortalized conjunctival epithelial cells (26) . An exchange in the Ad19p fiber knob from Glu240 to Lys conferred Ad19p binding to the conjunctival cells, while the reverse mutation in the Ad37 fiber knob abrogated binding. Point mutation studies of subgenus D adenovirus fibers showed conclusively that these are also responsible for hemagglutination (19, 36) . Taken together, these results suggest that the fiber protein of Ad37 mediates binding to erythrocytes as well as to conjunctival cells.
When this study was started, CAR and MHC-I ␣2 had been identified as cellular receptors for subgenus C adenoviruses. CAR appears to be the main high-affinity adenovirus receptor (15) . CAR has also been shown to serve as a cellular attachment molecule for the subgenus D adenovirus members Ad9 and Ad19p (38) . Ad37 also belongs to subgenus D but has a tropism which is different from that of Ad9. To test whether CAR could serve as a receptor for Ad37, we tested the ability of Ad37 to bind to CAR-expressing versus non-CAR-expressing cells. The results indicated that CAR plays a minor role, if any, in Ad37 attachment to target cells. Hence, it is likely that CAR can serve as a receptor for some subgenus D adenoviruses but not for Ad37.
In this study, we have presented a number of lines of evidence indicating that sialic acid serves as a cellular receptor for Ad37. (i) The enzymatic removal of sialic acid from target cell surface membranes resulted in a significant decrease in Ad37 virion attachment to all cell lines tested, including CAR-expressing CHO and E8.1 cells. (ii) The sialic acid-interacting WGA lectin strongly blocked Ad37 virion attachment to Pro-5 cells. (iii) Ad37 virions attached more strongly (more than 10-fold) to sialic acid-expressing Pro-5 cells than to nonexpressing Lec2 cells. (iv) Ad37 replication in A549 cells was inhibited when the cells were treated with neuraminidase prior to infection. Moreover, the function of sialic acid as an adenovirus receptor seemed to be specific for Ad37 virions, since Ad5 virion attachment to the cells used in this study was independent of the presence of sialic acid.
The Ad37 receptor appears to be a glycoprotein rather than a ganglioside, since protease treatment of Pro-5 cells resulted in a decrease in Ad37 binding to these cells. The presence of a protein component in the Ad37 receptor has been reported by others (26) . This notion is further supported by the finding that the GpA glycoprotein inhibits Ad37 binding to Pro-5 cells. It is also possible, but less likely, that the receptor functions as a coreceptor for a protein. The finding that Ad37 uses ␣(233)-linked rather than ␣(236)-linked sialoconjugates suggests that the sialic acid saccharide must be localized within a specific spatial context in order to be recognized by Ad37.
Several members of the adenovirus family have been shown to interact with CAR (38) . However, certain types with a distinct tropism may interact with receptors different from CAR. In addition to Ad37, both Ad8 and Ad19a are known to cause EKC (27, 28) . We have found previously that Ad37 and Ad19a have identical fiber genes (4), suggesting that Ad19a may also interact with sialic acid. As expected, we found that Ad19a agglutination of human type O erythrocytes was neuraminidase sensitive (data not shown). Ad8, which also causes EKC, has been found to partially compete with Ad37 for binding to human conjunctival cells (26) , suggesting that Ad8 may also interact with sialic acid. Ad19p has not been reported to share tropism with Ad37 but has been shown to interact with CAR (38) . This finding is in agreement with our observation that Ad19p infection of A549 cells is not neuraminidase sensitive (Fig. 4) . Consequently, it is likely that both Ad19a and Ad8 but not Ad19p can also use sialic acid for attachment to target cells.
It has been shown previously that the number of Ad2 and Ad3 receptors on both KB and A549 cells ranges between 5,000 (Ad2) and 7,000 (Ad3) per cell (16) . Furthermore, it has been demonstrated that 2% of input Ad5 virions and 4% of input Ad7 virions remain attached to A549 cells after 1 h of incubation on ice and subsequent washing steps (21) . It was recently reported that Chang conjunctival cells express 2.4 ϫ 10 4 Ad37 receptors/cell (26) . Here, we found a strikingly high ratio of bound virions to input virions for Ad37 attachment to A549 cells (23%), compared to the results obtained for Ad5 (2%). Consequently, it is possible that the Ad37 receptor moiety is present in large amounts on A549 cells, since the ratio of on October 14, 2017 by guest http://jvi.asm.org/ bound virions to input virions reflects the number of receptors on one cell. Furthermore, we found that as many as 8.4 ϫ 10 7 WGA molecules/cell were required to achieve significant inhibition of Ad37 attachment to Pro-5 cells. However, we cannot exclude the possibility that the different ratios for Ad37 and Ad5 are a consequence of different affinities of these adenovirus types for their respective receptors.
Ad5-based vectors do not enter target cells with sufficient efficiency (35, 55) . One of the reasons appears to be the existence of charge-dependent repulsions between the Ad5 hexon protein, which is unusually acidic in the exposed loops (1, 13, 49) , and cell surface sialic acid (3, 11) . It has been suggested that the removal of sialic acid from the cell surface by neuraminidase could result in a higher efficiency of subgenus C adenoviruses encountering the target cell and attaching to its receptor (3) . In this study, this feature was reflected by a twofold increase in the number of infected cells when neuraminidase-treated cells were exposed to Ad5. Ad37, however, makes use of the cell surface molecules that apparently hamper Ad5 entry into target cells in vivo. Moreover, the Ad37 receptor is probably expressed in larger amounts than the Ad5 receptor. Consequently, when adenoviruses are used to deliver genetic material to sialic acid-expressing cells, entry efficiency may be improved if (i) the receptor-recognizing protein has a naturally evolved ability to interact with sialic acid and (ii) the choice of vector is based on the charge in the hexon loops. Ad37 and possibly some other subgenus D adenoviruses use sialic acid to attach to and enter target cells. Furthermore, none of the subgenus D adenovirus hexons sequenced so far have been found to contain the acidic loops of subgenus C adenoviruses (13), a fact which may make them better candidates as vectors for gene therapy.
In conclusion, we believe that this novel information on sialic acid as a receptor for Ad37 will further the understanding of adenovirus tropisms and may contribute substantially to the development of functional and efficient adenovirus vectors for gene therapy.
